In the current study, sodium borate−bonded highly open porous ceramics successfully produced by starch consolidation technique. Open porous ceramic production was carried out by using an economical grade α−Si 3 N 4 , corn starch, CC31 commercial−grade kaolin, and borax decahydrate (Na 2 B 4 O 7 .10H 2 O). Borax decahydrate was used as a sintering aid in the system and total ceramic (α−Si 3 N 4 + CC31):borax decahydrate ratio was kept constant at 5:1. Sintering studies of the shaped samples carried out in an air atmosphere at a relatively low sintering temperature, 1100 o C, for one hour. Scanning electron microscopy investigations of the porous ceramic samples revealed that due to the high amount of borax based sintering additive a significant amount of liquid phase formed during the sintering process of the designed ceramics. Highly open porous (∼66 −74%) and lightweight (∼0.64 − 0.83 g/cm 3 ) ceramics were produced via starch consolidation technique and low−temperature sintering at atmospheric conditions.
Introduction
Recently porous ceramics, polymers, metals, and composites are presently on focus of many engineering research studies as well as industrial development studies. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Porous ceramic materials exhibit many distinct characteristics when compared with the metals and polymers, such as high hardness, specific surface area, chemical inertness, wear resistance, thermal shock resistance, corrosion resistance, excellent mechanical and chemical stability at elevated temperatures, low thermal expansion coefficient, and low density. 1, 11, 12 Due to these characteristics properties porous ceramic materials are promising materials for 
Experimental Procedure
Open porous ceramic production was carried out by using an economical grade α−Si 3 N 4 , corn starch, CC31 commercial -grade kaolin, and borax decahydrate (Na 2 B 4 O 7 .10H 2 O). Borax decahydrate was used as a sintering aid in the system and total ceramic (α−Si 3 N 4 + CC31):borax decahydrate ratio was kept constant at 5:1. Scanning electron XRD pattern of the used CC31 commercial -grade kaolin powder is given in Fig. 2 . XRD analysis result of the CC31 showed mainly a typical diffraction pattern of kaolinite phase with some illite and free quartz as an impurity.
Designed compositions (Table 1 ) and deionized water mixed via wet milling process by using a planetary ball mill to achieve a homogenous slurry. Prepared ceramic slurries poured into plastic molds and then placed into an oven that was 80 0 C. One hour dwell time was applied to achieve gelatinization of the starch content of the samples. After the gelatinization process, obtained green samples dried at room temperature for at least 24 hours.
A simultaneous thermogravimetry and differential thermal analyzer (TG/DTA, Netzsch STA 449F3) was used to determine binder burn out process conditions for the starch removal process. Investigations were done by TG/DTA in an air atmosphere at a constant heating rate of 10 0 C/minute. It was determined that the corn starch was removed entirely from the structure just below 560 0 C (Fig. 3) .
Binder burn out studies of the ceramic green bodies were done at 650 0 C for one hour under an air atmosphere. Applied binder burn out process heating rate was 1 0 C/minute. Sintering studies of the prepared samples carried out with a heating rate of 5 0 C/minute up to 1100 0 C under air atmosphere. Archimedes displacement method used to determine bulk density and open porosity amount of the fabricated porous ceramic samples. Phase content of the samples was determined via X-ray diffraction (XRD) analysis. XRD investigations were performed by using monochromatic Cu-K α radiation. Before XRD analysis, sintered porous ceramic samples crushed and sieved down to<63 μm. Starting materials and fracture surface of the sintered porous ceramic samples investigated by using scanning electron microscopy (SEM). SEM micrographs of the used corn starch are given in Fig. 4 . It was determined that the average particle size of the corn starch particles was approximately 15 -20 μm (Fig. 4) .
Results and Discussion
Bulk density and open porosity measurement results of the sintered ceramics are given in Table  2 . Depending on the increased starch content of the samples, open porosity amount of the samples slightly increased, whereas the bulk density of the samples decreased. It was determined that highly open porous (∼66−74%) and light-weight (∼0.64−0.83 g/cm 3 ) ceramic samples were produced.
Scanning electron microscopy investigations of the sintered porous ceramic samples revealed that a three-dimensional interconnected porous network structure obtained for all samples (Fig. 5) . It was observed that there were two different sizes of pores, big pores (10 -50 μm) developed by the burn out of the starch particles and fine pores (smaller than a few μm) formed between the ceramic particles (Fig. 5) . Microstructural analysis revealed that a high amount of liquid phase formed in all samples during the heat treatment process. Due to the sintering process performed under atmospheric conditions, starting α−Si 3 N 4 powder can readily give a reaction with the oxygen in air and silica can form in the samples. Besides, some reactions may take place between silica and borax decahydrate sintering additive in the system, which may result in a liquid phase formation that has a low melting temperature. Phase analysis of the fabricated porous ceramic samples is given in Fig. 6 . XRD results showed that cristobalite phase formed in all the samples due to the applied heat treatments under the atmospheric conditions. It was determined that starting α−Si 3 N 4 powder significantly consumed during the sintering process via reacting with the oxygen in the air atmosphere. It is believed that a liquid phase formation that has a low melting temperature took place due to borax containing sintering additive and this liquid phase formation has a considerable effect on the development of the cristobalite formation. 
Conclusion

